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La presente invention a pour objet un procede de 
5 preparation de microparticules a base de proteines 
vegetales, et 1^ utilisation de ces particules dans les 
domaines pharmaceutique/ veterinaire^ cosmetique, agro- 
alimentaire, chiitiique et biomedical. 

La microencapsulation regroupe 1' ensemble des 
10 technologies permettant d'obtenir des particules 
individualisees dont la taille est comprise entre 1 pm et 
1 mm, et conduisant a 1' inclusion de substances ou de 
principes actifs au sein d'un materiau support. 

On distingue classiquement deux groupes de 
15 microparticules : 

les microcapsules ou systemes reservoirs: ce 
sont des particules spheriques constitutes 
d'une enveloppe solide et d'un coeur de matiere 
active liquide, solide ou pateuse, 

, J., 

20 - les microspheres ou systemes matriciels : elles 

sont constitutes d'^un reseau continu de 
materiau enrobant dans lequel est dispersee la 
substance a encapsuler, 
II existe trois types de procedts 
25 d' encapsulation : des precedes physico-chimiques 

(coacervation simple, coacervation complexe, evaporation 
de solvant, extraction-evaporation de solvant, fusion a 
chaud du materiau enrobant) , des procedes chimiques 
(polycondensation interf aciale, polymerisation en milieu 
30 disperse et gelification du mattriau enrobant) et des 
procedes mecaniques (encapsulation en lit d'air fluidise, 
par atomisation et par prilling) . 
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La coacervation complexe repose sur le phenomdne 
de desolvatation de macromolecules, I'une chargee 
positivement et 1' autre negativement, aboutissant ^ la 
formation de deux phases non miscibles, k partir de 
solutions aqueuses colloldales initialement homogenes. 
Ces deux phases sont : 

- le coacervat, riche en polymere et appauvri en 
eau, qui resulte de la formation de complexes 
entre les macromolecules chargees positivement 
et celles chargees negativement , 

- le surnageant pauvre en polymere et riche en 
eau. 

L' encapsulation d'une huile par coacervation 
complexe consiste a emulsionner I'huile dans une solution 
de deux polymeres. La coacervation est induite par 
ajustement du pH du milieu. Les complexes polymeres 
formes s' adsorbent sur les gouttelettes d' huile et les 
isolent ainsi du milieu exterieur. La parol formee est 
durcie par ref roidissement du milieu et reticulee par 
Inaction d'un agent de reticulation. 

L' encapsulation d'une substance active off re des 
avantages importants tels que sa protection vis-A-vis 
d' agents exterieurs ou sa liberation lente, retardee ou 
differee au site d' utilisation. 

Pour des applications dans les domaines 
pharmaceutique, veterinaire, cosmetique, agro-alimentaire 
et biomedical, les materiaux les plus recherches comrae 
constituants de la parol sont des substances naturelles, 
en particulier les proteines ou les polysaccharides, en 
raison de leur biocompatibilite et de leur 
biodegradabilite. Parmi ces biopolymeres, I'albumine, la 
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gelatine, le collagene et la caseine ont fait I'objet de 
nombreux travaux, 

Ainsi, des capsules d'albuinine et d' alginate de 
sodium ont ete preparees par coacervation complexe pour 
5 developper un systeme d' encapsulation de proteines et de 
polypeptides (Singh et al. , J. Pharm* Pharmacol., (1989) 
41, 670-673) • 

Une autre etude decrit 1' encapsulation d'un 
principe actif dans des microspheres de caseine, 
10 preparees par emulsion-extraction de solvant, et il a ete 
demontre que cette proteine de lait constituait un 
support potentiel pour des preparations orales a 
liberation prolongee (Latha et al . , J. Control. Rel . , 
(1995) 34, 1-7) . 

15 Depuis quelques annees, une nouvelle approche 

consiste a utiliser des proteines d'origine vegetale 
plutot qu'animale. En effet, depuis la decouverte de 
1' encephalopathie spongiforme d'origine animale (maladie 
de la «vache folle») , les consommateurs ne font plus 

20 confiance aux produits susceptibles d'etre contamines par 
le prion, agent potentiellement responsable de cette 
pathologie. II devient done necessaire de trouver un 
substitut aux proteines animales telles que la gelatine 
et l^albumine. Dans la litterature, plusieurs techniques 

25 d' encapsulation a partir de ces polymeres d'origine 
vegetale ont ete decrites. 

Un antibiotique a pu etre encapsule par 
coacervation simple en utilisant le gluten de ble et la 
caseine comme materiaux d'enrobage, dans le but d'obtenir 

30 un systeme ^ liberation prolongee (Jiunn-Yann Yu et al., 
J. of Fermentation and Bioengineering, (1997) Vol 84, 5, 
444-448) . 
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Un autre systems k liberation contr61§e a ete 
developpe a partir de nanoparticules de gliadine 
(fraction proteique du gluten de bl§) obtenues par une 
m^thode bas6e sur la desolvatation de macromolecules, par 
addition d'une phase organique de proteine a une phase 
aqueuse (Ezpeleta et al.. Int. J. Pharm., (1996) 131, 
191-200) . 

D'autres travaux ont inontre qu'il etait possible 
de fabriquer des nano- et des microparticules a partir de 
viciline (proteine de pois) par coacervation simple 
(Ezpeleta et al., J. Microencapsulation, (1997), Vol. 14, 
n° 5, 557-565) . 

Enfin, il est possible de preparer des particules 
possedant une parol formee de proteines vegetales par une 
reaction de reticulation interfaciale entre ces proteines 
et un agent reticulant polyfonctionnel acylant. Cette 
methods permet d'encapsuler des substances actives ^ 
I'etat de solution, de suspension ou d' Emulsion et toute 
proteine vegetale peut etre utilises, notamment celles 
qui sont extraites du ble, du soja, du pois, du colza, du 
tournesol, de I'orge ou de I'avoine (WO 99/03450) . 

En ce qui concerne la methods de coacervation 
complexe, les couples classiquement utilises sont la 
gelatins comme polycation et 1' alginate de sodium. Is 
polyphosphate ou la gomme arabique comme polyanion. Des 
etudes ont montr^ que la gelatine pouvait §tre substituee 
par de I'albumine bovine (Singh et al., j. Pharro. 
Pharmacol., (1989) 41, 670-673). 

Bien que la tendance soit d'utiliser des produits 
naturels d' origins vsgetals comme substitut des proteinss 
animales, aucun procsds d' sncapsulation par coacsrvation 



« 
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complexe a partir de proteines vegetales n' a pu gtre mis 
en oeuvre. En effet, les proteines vegetales ne sent pas 
pures ; elles presentent de gros problemes de solubilite 
du fait de la presence d'une fraction soluble et d'une 
fraction insoluble et possedent egalement un pouvoir 
emulsifiant faible par rapport a celui des proteines 
animales, ce qui rend necessaire 1' utilisation de 
tensioactifs supplementaires qui inter ferent dans la 
phase de fixation des coacervats. 

Or, les inventeurs, de maniere surprenante, ont 
mis au point un procede qui resout 1' ensemble de ces 
problemes . 

Les inventeurs ont reussi a definir un nouveau 
procede qui permet I'' utilisation de ces proteines dans 
una technique de coacervation complexe- 

Aussi, la presente invention a pour objet un 
procede de fabrication de microcapsules contenant un 
materiau k encapsuler, caracterise en ce qu'on soumet un 
melange d' au moins une prot6ine vegetale solubilisee et 
d'un polyelectrolyte de charge opposee a ladite proteine 
a une coacervation complexe en milieu aqueux suivie 
eventuellement d'un durcissement, en presence dudit 
materiau a encapsuler, 

Dans un mode de realisation preferee de 
1' invention, le procede comprend: 

a) la solubilisation d' au moins une proteine 
vegetale en milieu aqueux a ujci pH compris entre 
2 et 7 et inferieur au pH isoelectrique de 
ladite proteine, 

b) la centrifugation de la solution obtenue en a) , 
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c) le melange du surnageant obtenu en b) avec une 
solution aqueuse d'un polyelectrolyte de charge 
opposee a celle de la proteine vegetale, 

d) la coacervation des polyelectrolytes sous la 
forme de complexes de polymeres, et 
eventuellement le durcissement des capsules, en 
presence du materiau a encapsuler. 

L'etape b) de centrifugation est realisee dans 
des conditions bien choisies, notamment a une vitesse 
comprise entre 2 000 et 15 000 t/min pref erentiellement 
entre 4 000 et 12 000 t/min, pendant 10 a 30 minutes. 

Dans un mode de realisation particulierement 
avantageux de 1' invention, le procede est caracterise en 
ce que I'on augmente la quantite de proteines solubles 
par: 

e) addition d'une quantite de proteines vegetales 
au surnageant dans le but d'atteindre la 
saturation, 

f) centrifugation du melange, et 

g) eventuellement repetition des etapes e) et f) 
plusieurs fois* 

De maniere tres avantageuse, le procede de 
fabrication selon 1' invention est caracterise en ce que 
I'etape c) est mise en oeuvre a un pH inferieur au pH 
isoelectrique de la proteine vegetale afin que ladite 
proteine soit utilisee dans I'etape d) de coacervation 
complexe comme polyelectrolyte cationique. 

D'une autre maniere avantageuse, le procede de 
fabrication d'une parol de microcapsules a base de 
proteines vegetales est caracterise en ce que I'etape c) 
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est raise en oeuvre a un pH superieur au pH isoelectrique 
de la proteine vegetale afin que ladite proteine soit 
utilisee dans I'etape d) de coacervation complexe coimxie 
polyelectrolyte anionique . 
5 La concentration en proteines dans la solution 

initiale est generalement comprise entre 2 et 15%, la 
concentration du surnageant de la solution initiale de 
proteines centrifugees entre 1 et 8%, et . la concentration 
en proteines dans la solution de coacervation entre 1/5 
10 et 5%. 

Les proteines vegetales utilisees dans le cadre 
de 1' invention sont extraites de vegetaux choisis dans le 
groupe comprenant : lupin (genre Lupinus), soja (genre 
Glycine), pois (genre Pi sum) , pois chiche (Cicer) , 

15 luzerne (Medicago) , feverole (Vicia) , lentille (Lens), 
haricot (Phaseolus) , colza (Brassica) , tournesol 
(Helianthus) et . des cereales comme le ble, le mais, 
l^orge, le malt et I'avoine. A titre d' example, on peut 
citer les proteines vegetales SWPlOO et SWP50 et celles 

20 commercialisees sous le nom Supro® 67 0 et PISANE^. 

Avantageusement, le polyelectrolyte anionique est 
choisi parmi ceux classiquement utilises par I'homme du 
metier, notamment ceux qui sont choisis dans le groupe 
comprenant 1' alginate de sodium, la gomme arabique, les 

25 polyphosphates, la carboxymethylcellulose de sodium, le 
carraghenanne, la gomme xanthane et les proteines 
vegetales de pH superieur au pHi. De maniere avantageuse, 
le polyelectrolyte cationique est un de ceux 
classiquement utilises par I'homme du metier notamment 

30 ceux qui sont choisis dans le groupe comprenant les 
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. agents tensioactifs cationiques, les latex possedant un 
ammonium quaternaire, le chitosane et les proteines 
vegetales de pH inferieur au pHi . 

Lorsque le procede comprend une etape de 
durcissement, celle-ci peut etre realisee par toute 
technique connue de I'homme du metier notamment par 
reticulation par un agent reticulant choisi dans ' le 
groupe comprenant les dialdehydes tels que le 
glutaraldehyde et les tanins tels que I'acide tannique. 

Lorsque le polyelectrolyte cationique est le 
chitosane, le durcissement est realise en utilisant 
1' anhydride acetique comme agent durcisseur. 

Dans un mode de realisation particulierement 
avantageux de 1' invention, on utilise un couple 
polycation/polyanion choisi dans le groupe comprenant les 
couples: SWPl 00/alginate, SWPlOO/gomme arabique, 
chitosane/Supro®*, Supro®/alginate ou Supro®/gomme 
arabique • 

Les microcapsules obtenues par le procede selon 
1' invention ont un diametre compris entre 5 et 500 |Lim, de 
preference 20 et 200 jim, plus pref erentiellement de 20 a 
50 (xra^ 

Les microcapsules selon 1' invention peuvent 
contenir des substances aptes a etre utilisees dans les 
domaines pharmaceutique, veterinaire, cosmetique, agro- 
alimentaire, chimique et biomedical, en particulier des 
principes actifs. Elles peuvent etre combinees avec tout 
ingredient actif ou tout excipient bien connu de I'homme 
du metier. 
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Les exemples qui suivent illustrent 1' invention 
sans toutefois la limiter. 

EXEMPLE 1 : Coacervation complexe a partir de la proteine 
5 SWPlOO en presence d' alginate, 

Une solution de SWPlOO a 10% maintenue a pH 3 est 
centrifugee pendant 25 minutes a 4500 t/roin* On obtient 
48 mL de surnageant contenant 0,72 g de proteines 
dissoutes. Dans cette solution de surnageant, 20 g de 

10 Miglyol® 812 sont emulsionnes • On ajoute alors 35,6 mL 
d'une solution aqueuse d' alginate de sodium (0,36 g) et 
ensuite un volume de 96 mL d'eau. La temperature du 
milieu est de 40 ''C- Le pH du milieu est abaisse de 4,22 
a 3 par ajout d' acide chlorhydrique IN. 

15 Le rapport massique SWPlOO/alginate est egal a .2 et 

la concentration finale dans la phase aqueuse en SWPlOO 
est de 0,4% poids/volume et elle est de 0,2% poids/volume 
pour 1' alginate. 

La coacervation complexe se realise et le milieu est 

20 refroidi a 10 °C et maintenu a lO^'C pendant 1 heure,^ 1,5 
mL de glutaraldehyde a 25% est additionne dans le milieu 
a lO^C. Puis on laisse revenir le milieu a temperature 
ambiante et le milieu est maintenu sous agitation pendant 
15 heures, 

25 On obtient une dispersion de microcapsules contenant 

95% d'huile, de taille moyenne comprise entre 200 et 400 
pm. 

Des microcapsules dont le rapport massique 
SWPlOO/alginate est egal a 1, sont preparees par la meme 
30 technique. 
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EXEMPI/E 2 : Coacervation complexe a partir de la proteine 
SWPlOO en presence de gomme arabique. 

Une solution de 100 luL de SWPlOO a 17% maintenue a 
pH 3 est centrifugee pendant 25 minutes a 4500 t/min. On 
5 obtient 100 mL de surnageant contenant 2^6 g de proteines 
dissoutes. Dans cette solution de surnageant, 20 g de 
Miglyol® 812 sont emulsionnes . On ajoute 45 mL d'une 
solution aqueuse de gomme arabique (5 g) et un volume 
d'eau de 13 mL* La temperature du milieu est de 40^C- Le 
10 pH du milieu est abaisse a 3 par ajout d' acide 
chlorhydrique 1 N. 

Le rapport massique SWPlOO/gomme arabique est egal a 
1/2 et la concentration finale de SWPlOO dans la phase 
aqueuse est de 1,5% poids/volume et elle est de 3% 
15 poids/volume pour la gomme arabique. 

La coacervation complexe se realise et le milieu est 
refroidi a 10 "^C. Le milieu est laisse sous agitation 
pendant 1 heure et 3 mL de glutaraldehyde a 25% sont 
ensuite ajoutes. Puis on laisse revenir le milieu a 
20 temperature ambiante toujours sous agitation pendant 6 
heures . 

On obtient une dispersion de microcapsules contenant 
72,5% d'huile, de taille moyenne comprise entre 150 et 
4 50 ]im. 

25 

EXEMPLE 3 : Influence de 1' augmentation de la 
concentration en proteine SWPlOO dans le surnageant. 
Coacervation complexe a partir de la proteine SWPlOO en 
presence d' alginate. 

30 Le pH d' une solution proteique de SWP 100 a environ 

15% (20 g dans 130 g d'eau) est ajuste a un valeur de 4. 
La solution est centrifugee une premiere fois a 12 000 
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t/min pendant 15 minutes. Le culot est retire et une 
quantite de 12 g de proteines SWPlOO est ajout^e dans le 
surnageant dont le pH est a nouveau ajuste a 4. 

Une seconde centrif ugation est effectuee et cette 
5 operation est repetee une troisieme fois. 

Apres la premiere centrif ugation, le surnageant 
contient 2,9% de proteine soluble, Apres trois 
centrif ugations/ la concentration en proteine soluble est 
de 3,6%. 

10 Le rapport massique SWPlOO/gomme arabique est egal a 

1 et la concentration finale de SWPlOO et de gomme 
arabique dans la phase aqueuse est de 2% poids/volume . 

La coacervation complexe est realisee avec le 
surnageant concentre de SWPlOO a pH 4 (100 mL contenant 

15 3,6 g de proteine) et la gomme arabique comme 
polyelectrolyte anionique (80 mL contenant 3, 6 g de gomme 
arabique) • La coacervation est realisee selon le mode 
operatoire decrit dans I'exeitiple 1, 

On obtient une dispersion de microcapsules contenant 

20 73,5 % d'huile, de taille moyenne comprise entre 50 et 
400 ]im. 

EXEMPLE 4 : Coacervation complexe a partir du couple 
Supro® 670/alginate 

25 Des capsules sont preparees selon le mode operatoire 

de I'exemple 1 a partir d'une solution de Supro® 670 
composee de 22,5 g d' eau et 2,5 g de proteine et une 
solution d' alginate composee de 150 g d' eau et 1,84 g 
d' alginate. 

30 Le pH de coacervation est egal a 3,8. 

On obtient des microcapsules en suspension qui 
contiennent 82 % d'huile et qui presentent une parol 
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fragile a 1' aspect granuleux. La taille moyenne des 
microcapsules est comprise entre 50 et 400 ]m.. 

EXEMPLE 5 : Evaluation des proteines vegetales comme 
polyelectrolyte anionique 

Une solution de proteins Supro® 670 a 10% est 
ajustee a pH 7, et centrifugee une premiere fois a 4500 
t/min pendant 25 minutes, Le culot est retire et le 
surnageant compose de 43 mL d' eau et 2,57 g de proteine 
est utilise pour la coacervation. 

20 g de Miglyol® 812 sont emulsionnes dans le 
surnageant de la solution de proteine Supro® 670, puis 
une solution de chitosane 2622 composee de 120 mL d' eau 
et 1,5 g de chitosane a pH 1,32 est ajoute dans le milieu 
a 40''C- 

Le pH de coacervation est ajuste a 6* Le mode 
operatoire est ensuite identique a celui decrit pour 
I'exemple 1. 

On obtient une dispersion de microcapsules contenant 
83 % d'^huile, de taille moyenne comprise entre 50 et 400 
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REVENDICATIONS 

1. Precede de fabrication de microcapsules contenant un 
materiau a encapsuler, caracterise en ce qu'on souinet un 
melange d' au moins une proteine vegetale solubilisee et 
d'un polyelectrolyte de charge opposee a ladite proteine 
a une coacervation complexe en milieu aqueux suivie 
eventuellement d'un durcissement, en presence dudit 
materiau a encapsuler. 



2, Procede de fabrication de microcapsules a base, de 
proteines vegetales selon la revendication 1, caracterise 
en ce qu'il comprend 

a) la solubilisation d' au moins une proteine 
15 vegetale en milieu aqueux a un pH compris entre 

2 et 7 et inferieur au pH isoelectrique de 
ladite proteine, 

b) la centrif ugation de la solution obtenue en a) , 

c) le melange du surnageant obtenu en b) avec une 
20 solution aqueuse d'un polyelectrolyte de charge 

opposee a celle de la proteine vegetale, 

d) la coacervation des polyelectrolytes sous la 
forme d^un complexe de polymeres, et 
eventuellement le durcissement des capsules, en 

25 presence du materiau a encapsuler. 

3. Procede de fabrication de microcapsules a base de 
proteines vegetales selon la revendication 2, caracterise 
en ce que l''on augmente la quantite de proteines solubles 

30 par : 

e) addition d'une quantite de proteines vegetales 
au surnageant obtenue a I'etape b) ^ 



1 er depot 

14 

f) centrif ugation du melange et 

g) eventuelleitient repetition des etapes e) et f) 
plusieurs fois. 

5 4, Proced^ de fabrication de microcapsules a base de 
proteines vegetales selon I'une quelconque des 
revendications 1 a 3, caracterise en ce que I'etape c) 
est mise en ceuvre a un pH inferieur au point 
isoelectrique de la proteine vegetale afin que ladite 
10 proteine soit utilisee dans I'etape d) de coacervation 
complexe coinine polyelectrolyte cationique. 

5. Proc^de de fabrication de microcapsules a base de 
proteines vegetales selon I'une quelconque des 
revendications 1 a 3^ caracterise en ce que I'etape c) 
est mise en oeuvre a un pH superieur au pH isoelectrique 
de la proteine vegetale afin que ladite proteine soit 
utilisee dans I'etape d) de coacervation complexe comme 
polyelectrolyte anionique • 

6. Procede selon I'^une quelconque des revendications 1 a 
5, caracterise en ce que les proteines vegetales sont 
extraites de vegetaux choisis dans le groupe comprenant 
lupin (genre Lupinus) , soja (genre Glycine), pois (genre 
Pisum) , pois chiche (Cicer) , luzerne (Medicago) , feverole 
(Vicia) , lentille (Lens), haricot (Phaseolus) , colza 
(Brassica) , tournesol (Helianthus) et des cereales comme 
le ble, le mais, I'orge, le malt et I'avoine. 

30 
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20 



25 
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7. Precede selon I'une quelconque des revendications 1 ^ 
4 et 6, caracterise en ce que le polyelectrolyte 
anionique est choisi dans le groupe comprenant 1' alginate 
de sodium, la gomme arabique, les polyphospahtes, la 

5 carboxymethylcellulose de sodium, le carraghenanne, la 
gomme xanthane et les proteines vegetales de pH superieur 
au pHi, 

8. Procede selon I'une quelconque des revendications 1 a 
10 3 et 5 a 6, caracteris6 en ce que le polyelectrolyte 

cationique est choisi dans le groupe comprenant des 
agents tensioactifs cationiques, des latex possedant un 
ammonium quaternaire, le chitosane et les proteines 
vegetales de pH inferieur au pHi. 

15 

9. Procede selon I'une quelconque des revendications,- 1 a 
7, caracterise en ce que le durcissement est realise par 
reticulation par un agent reticulant choisi dans le 
groupe comprenant les dialdehydes tels que le 

20 glutaraldehyde et les tanins tels que I'acide tannique- 

10. Procede selon la revendication 8, caracterise en ce 
que lorsque le polyelectrolyte cationique est le 
chitosane, le durcissement est realise en utilisant 

25 1' anhydride acetique comme agent durcisseur. 

11. Procede selon I'une quelconque des revendications 1 a 
10, caracterise en ce que I'on utilise un couple 
polycation/polyanion choisi dans le groupe comprenant les 

30 couples: SWPlOO/alginate, SWPlOO/gomme arabique, 
chitosane/Supro"^', Supro®/alginate ou Supro®/ gomme 
arabique. 
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12. Utilisation des capsules obtenues par le precede 
selon I'une quelconque des revendications 1 a 10 pour la 
fabrication de compositions utiles dans les domaines 
pharmaceutique, veterinaire, cosmetique, agro- 

5 alimentaire, chijtiique et biomedical. 

13. Compositions pharmaceutique, v6terinaire, cosmetique, 
agro-alimentaire ou chimique/ caracterisees en ce 
qu'elles contiennent des microcapsules selon I'une 

10 quelconque des revendications 1 a 11, en association avec 
tout excipient acceptable. 



1 
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PLANT PROTEIN-BASED MICROCAPSULES 

The present invention relates to a method for preparing 
plant protein-based microcapsules, and to the use of 
these capsules in the pharmaceutical, veterinary, 
cosmetics, agrofoods, chemical and biomedical fields. 

Microencapsulation includes all technologies for 
obtaining individualized particles, the size of which 
is between 1 nm and 1 mm, and which lead to the 
inclusion of substances or of active principles m a 
carrier material . 



Two groups of microparticles are conventionally 
15 distinguished: . 

reservoir microcapsules or systems: these are 
spherical particles consisting of a solid envelope 
and a core of liquid, solid or pasty active 
20 material, 

matrix microspheres or systems: they consist of a 
continuous network of coating material in which 
the substance to be encapsulated is dispersed. 

Three types of encapsulation' methods exist: physico- 
chemical methods' ' (simple ' cbacervation, complex 
coacervation, solvent, evaporation, ' solvent extraction- 
evaporation, hotmelt of the coating material) , chemical 
30 methods (interfacial polycondensation,; polymerization 
in dispersed medium and gelling of the coating 
material) and mechanical methods (encapsulation in a 
f luidized air bed, by spraying and by prilling) . 

3 5 Complex coacervation is based on the phenomenon of 
desolvation of macromolecules, one positively chargea 
and the other negatively charged, resulting m the 
formation of two immiscible phases, from initially 
homogeneous colloidal aqueous solutions. These two 

40 phases are: 

the polymer-rich and water-depleted coacervate 
which results from the formation of complexes 
between the positively charged macromolecules and 
45 those which are negatively charged, 

the polymer-depleted and water-rich supernatant. 

The encapsulation of ' an oil by complex coacervation 
50 consists in emulsifying the oil in a solution of two 



polymers. The coacervation is induced by adjusting the 
pH of the medium. The polymeric complexes formed adsorb 
onto the droplets of oil and thus isolate them from the 
outside medium. The wall formed is hardened by cooling 
5 the medium and crosslinked by the action of a 
crosslinking agent. 

The encapsulation of an active substance offers 
considerable advantages, such as its protection against 
10 outside agents or its slow release, delayed release or 
deferred release at the site of use. 

For applications in the pharmaceutical, veterinary, 
cosmetics, agrofoods and biomedical fields, the 

15 materials most commonly desired as constituents of the 
wall are natural substances, in particular proteins or 
polysaccharides, due to their biocompatibility and 
their biodegradability . Among these biopolymers, 
albumin, gelatin, collagen and casein have been the 

2 0 subject of many studies. 

Thus, capsules of albumin and sodium alginate have been 
prepared by complex coacervation in order to develop a 
system for encapsulating proteins and polypeptides 
25 (Singh et al., J. Pharm. Pharmacol., (1989) 41, 
670-673). 

Another study describes the encapsulation of an active 
principle in casein microspheres prepared by solvent 
30 emulsion-extraction, and it has been demonstrated that 
this milk protein constitutes a potential carrier for 
sustained-release oral preparations (Latha et al . , 
J. Control. Rel., (1995) 34, 1-7). 

35 For the last few years, a novel approach has consisted 
in using proteins of plant origin rather than animal 
origin. In fact, since the discovery of spongiform 
encephalopathy of animal origin (''mad cow" disease) , 
consumers no longer have any confidence in products 

40 which may be contaminated by prions, the agent 
potentially responsible for this pathology. It is 
therefore becoming necessary to find a substitute for 
animal proteins such as gelatin and albumin. Several 
encapsulation techniques using these polymers of plant 

45 origin have been "described in the literature. 

It has been possible to encapsulate an antibiotic by 

simple coacervation using wheat gluten and casein as 

coating materials, with the aim of obtaining a 

50 sustained-release system (Jiunn-Yann Yu et al . , J. of 



Fermentation and- Bioengineering, (1997) Vol. 84, 5, 
444-448) . 

Another controlled-release system has been developed 
using nanoparticles of gliadin {protein fraction of 
wheat gluten) obtained by a method based on desolvation 
of macromolecules, by addition of a protein organic 
phase to an aqueous phase (Ezpeleta et al., Int. J. 
Pharm., (1996), 131, 191-200). 

Other studies have shown that it is possible to produce 
nanoparticles and microparticles from vicilin (pea 
protein) by simple coacervation (Ezpeleta et al . , J. 
Microencapsulation, (1997), Vol. 14, No. 5, 557-565). 

Finally, it is possible to prepare particles having a 
wall made of plant proteins using a reaction consisting 
of interfacial crosslinking between these proteins and 
a polyfunctional acylating crosslinking agent. This 
method makes it possible to encapsulate active 
substances in the solution, suspension or emulsion 
state, and any plant protein can be used, in particular 
those which are extracted from wheat, from soybean, 
from pea, from rapeseed, from sunflower, from barley or 
from oats (WO 99/03450) . 

As regards the complex coacervation method, the couples 
conventionally used are gelatin as polycation and 
sodium alginate, polyphosphate or gum arable as 
polyanion. Studies have shown that gelatin can be 
substituted with bovine albumin (Singh et al., J. Pharm. 
Pharmacol., (1989) 41, 670-673). 

Although the tendency is to use natural products of 
plant origin as substitutes for animal proteins, it has 
not been possible to carry out a method of 
encapsulation by complex coacervation using plant 
proteins. In fact, plant proteins are not pure; they 
present great problems of solubility due to the 
presence of a soluble fraction and an insoluble 
fraction, and also possess a low emulsifying capacity 
compared to that • of animal proteins, • which makes it 
necessary to use additional surfactants which interfere 
in the coacervate fixing phase. 

Now, the inventors, surprisingly, have developed a 
method which solves all these problems. 

The inventors have succeeded in divining a novel method 
which allows the use of these proteins in a complex 
coacervation technique. 



Thus, a subject of the present invention is a method 
for producing microcapsules containing a material to be 
encapsulated, characterized in that a mixture of at 
least one solubilized plant protein and a 
polyelectrolyte with an opposite charge to said protein 
is subjected to complex coacervation in an aqueous 
medium, optionally followed by hardening, in the 
presence of said material to be encapsulated. 

In a preferred embodiment of the invention, the method 
comprises: 

a) solubilization of at least one plant protein in an 
aqueous medium at a pH of between 2 and 7, and 
below the isoelectric pH of said protein, 

b) centrifugation of the solution obtained in- a) , 

c) mixing of the supernatant obtained in b) with an . 
aqueous solution of a polyelectrolyte with an 
opposite charge to that of the plant protein, 

d) coacervation of the polyelectrolytes in the form 
of polymeric complexes, and optionally hardening 
of the capsules, in the presence of the material 
to be encapsulated. 



The centrifugation step b) is carried out under 
correctly chosen conditions, in particular at a rate of 
between 2 000 and 15 000 rpm, preferably between' 4 000 
and 12 000 rpm, for 10 to 3 0 minutes. 

In a particularly advantageous embodiment of the 
invention, the method is characterized in that the. 
amount of soluble proteins is increased by: 

e) addition of an amount of plant proteins to the 
supernatant with the aim of achieving saturation, 

f) centrifugation of the mixture, arid 

g) optionally repetition of steps e) and f) several 
times. 

Very advantageously, the method of production according" 
to the invention is characterized in that step c) is 
carried out at a pH below the isoelectric pH of the 
plant protein, so that said protein is used as a 
cationic polyelectrolyte in the complex coacervation 
step d) . 
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Also advantageously, the method for producing a plant 
protein-based microcapsule wall is characterized m 
that step c) is carried out at a pH above the 
isoelectric pH of the plant protein, so that said 
protein is used as an anionic polyelectrolyte in the 
complex coacervation step d) . 

The protein concentration in the initial solution is 
generally between 2 and 15%, the concentration of the 
supernatant of the initial solution of proteins 
centrifuged is between 1 and 8%, and the concentration 
of proteins in the coacervation solution is between 1.5 
and 5%. 

The plant proteins used in the context of the invention 
are extracted from plants chosen from the group 
comprising: lupin (genus Lupinus) , soybean (genus 
Glycine) , pea (genus Pisum) , chickpea (Cicer) , alfalfa 
(Medicago) , broad bean (Vicia) , lentil (Lens) , bean 
(Phaseolus) , rapeseed (Brassica) , sunflower 

(Helianthus) and cereals such as wheat, maize, barley, 
malt or oats. By way of example, mention may be made of 
the plant proteins SWPlOO and SWP50 and those marketed 
under the name Supro® 670 and PISANE®. 

Advantageously, the anionic polyelectrolyte is chosen 
from those conventionally used by those skilled m the 
art, in particular those which are chosen from the 
group comprising sodium alginate, gum arabic. 
polyphosphates, . sodium carboxymethylcellulose 
carrageenan, xanthan gum and plant proteins with a pa 
above the pHi . Advantageously, the ^^'^^J"?"^ 
polyelectrolyte is. one of those conventionally used by 
those skilled in the art, in particular those which are 
chosen from the group comprising cationic surfactants, 
latexes having a quaternary ammonium, chitosan ana 
plant proteins with a pH below the pHi . 

When the method comprises a hardening step, this step 
can be carried out by any technique known to those 
skilled in the art, in particular by crossl inking with 
a crosslinking agent chosen from the group comprising 
dialdehydes such as glutaraldehyde and tannins such as 
tannic acid. 

When the cationic polyelectrolyte is chitosan, the 
hardening is carried out using acetic anhydride as 
hardening agent. 
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In a particularly advantageous embodiment of the 
invention, use is made of a polycation/polyanion couple 
chosen from the group comprising the couples: 
SWPlOO/alginate, SWPlOO/gum arable, chitosan/Supro® , 
Supro®/alginate or Supro®/gum arable. 

The microcapsules obtained by the method according to 
the invention have a diameter of between 5 and 500 //m, 
preferably 20 and 200 fim, more preferably from 20 to 
5 0 /xm. 

The microcapsules according to the invention may 
contain substances which can be used in the 
pharmaceutical , veterinary , cosmetics , agrof oods , 
chemical and biomedical fields, and in particular 
active principles. They may be combined with any active 
ingredient or any excipient well known to those skilled 
in the art. 



The examples which follow illustrate the invention 
without, however, limiting it. 



EXAMPLE 1: Complex coacervation using the SWPlOO 
protein in the presence of alginate 

A 10% SWPlOO solution maintained at pH 3 is centrifuged 
for 25 minutes at 4 500 rpm. 48 ml of supernatant 
containing 0.72 g of dissolved proteins are obtained. 
20 g of Miglyol® 812 are emulsified in this supernatant 
solution. 35.6 ml of an aqueous solution of sodium 
alginate (0.36 g) are then added followed by 96 ml of 
water. The temperature of the medium is -40 °C. The pH of 
the medium is decreased from 4.22 to 3 by adding IN 
hydrochloric acid. 

The SWPlOO/alginate ratio by weight is equal to 2 and 
the final concentration, in the aqueous phase, of 
SWPlOO is 0.4% weight/volume and it is 0.2% 
weightyvolume for the alginate. 

The complex coacervation takes place and the medium is 
cooled to IQOQ and kept at lO^C for 1 hour. 1.5 ml of 
25% glutaraldehyde are added to the medium at 10°C. The 
medium is then allowed to return to ambient temperature 
and it is kept stirring for 15 hours. 



A dispersion of microcapsules containing 95% oil, with 
a mean size of between 200 and 400 /im, is obtained. 
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Microcapsules for which the SWPlOO/alginate ratio by 
weight is equal to 1 are prepared by the same technique. 

EXAMPLE 2: Complex coacervation using the SWPlOO 
protein in the presence of gum arable 

A solution of 100 ml of SWPlOO at 17% maintained at 
pH 3 is centrifuged for 25 minutes at 4 500 rpm. 10 0 ml 
of supernatant containing 2.6 g of dissolved protexns 
are obtained. 20 g of Miglyol® 812 are ^'""l^^^^.,^f . 
this supernatant solution. 45 ml of an ^^^^^^^ , 
of gum arable (5 g) and 13 ml of water are ^dded^ The 
temperature of the medium is 40oc. The pH of the medium 
is decreased to 3 by adding IN hydrochloric acid. 

The SWPlOO/gum arable ratio by weight is equal to 1/2 
Ind the f/n'al cone-cation of SWPXOO in th^^^^^^^^ 
phase is 1.5% weight/volume and it is J< weigxi / 
for the gum arable. 

The complex coacervation takes Pl/^^^^^ f ^.i^ 
cooled to 10=C. The medium is left stirring for 1 hour 
and 3 ml of 25% glutaraldehyde are then added. .The 
Medium fs then allowed to return to ambient temperature, 
still with stirring for 6 hours. 

A dispersion of microcapsules containing :'2.S% oil^ 
. with a mean size of between 150 and 450 Mm, xs obtained. 

0 

EXAMPLE 3: influence of increasing the concentration of 

SWPlOO protein in the ^^P^^^\^.^%„p,oo protein in the 
Complex coacervation using the SWPluu pro 

5 presence of alginate 

■ 'the PH of a protein solution of SWPlOO approximately 

■ -15% (20 g m 130 g of water) IS f^^'%X^ -^,Z^\t 
: of 4. The solution is cent-fuged a f-st J^^^ 

n 12 000 rpm for 15 minutes. The peiiec xt. 

12 g Of SWPlOO protein is added to the supernatant, the 
pH of which is again adjusted to 4 . 

A second centrif ugatlon is performed and this operation 
45 is repeated a third time. 

Aft.r the first <:e„tri£ugatlon the 

50 3.6%. 
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The SWPlOO/gum arabic ratio by mass is equal to 1 and 
the final concentration of SWPlOO and of gum arabic in 
the aqueous phase is 2% weight /volume . 

5 The complex coacervation is carried out with the 
concentrated supernatant of SWPlOO at pH 4 (10 0 ml 
containing 3.6 g of protein) and the gum arabic as 
anionic polyelectrolyte (80 ml containing 3 . 6 g of gum 
arabic) . The coacervation is carried out according to 
10 the procedure described in Example 1. 

A dispersion of microcapsules containing 73.5% oil, 
with a mean size of between 50 and 400 fim, is obtained. 

15 

EXAMPLE 4: Complex coacervation using the Supro® 
670/alginate couple 

Capsules are prepared according to the procedure of 
20 Example 1, using a solution of Supro® 670 made up of 
22.5 g of water and 2.5 g of protein and a solution of 
alginate made up of 150 g of water and 1.84 g of 
alginate. 

25 The coacervation pH is equal to 3.8. 

Microcapsules in suspension, which contain 82% oil and 
which exhibit a fragile wall with a granular appearance, 
are obtained. The mean size of the microcapsules is 
30 between 50 and 400 /zm. 



EXAMPLE 5: Evaluation of the plant prpteins as anionic 
polyelectrolyte 

35 

A solution of Supro® 670 protein at 10% is adjusted to 
pH 7 and centrifuged a first time at 4 500 rpm for 25 
minutes. The pellet is removed and the supernatant made 
up of 43 ml of water and 2.57 g of protein is used for 
40 the coacervation. 

20 g of Miglyol® 812 are emulsified in the supernatant 
of the Supro® 670 protein solution, and then a solution 
of chitosan 2622 made of 120 ml of water and 1.5 g of 
45 chitosan, at pH 1.32, is added to the medium at 40 °C. 

The coacervation pH is adjusted to 6 . The procedure is 
then identical to that described for example 1 . 

50 A dispersion of microcapsules containing 83% oil, with 
a mean size of between 50 and 400 /zm, is obtained. 
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CLAIMS 



1. A method for producing microcapsules containing a 
material to be encapsulated, characterized in that a 
mixture of at least one solubilized plant protein and a 
polyelectrolyte with an opposite charge to said protein 
is subjected to complex coacervation in an aqueous 
medium, optionally followed' by hardening, in the 
presence of said material to be encapsulated. 

2. The method for producing plant protein-based 
microcapsules as claimed in claim 1, characterized in 
that it comprises: 

a) solubilization of at least one plant protein in an 
aqueous medium at a pH of between 2 and 7, and 
below the isoelectric pH of said protein, 



b) 
c) 

d) 



centrifugation of the solution obtained in a) , 

mixing of the supernatant obtained in b) with an 
aqueous solution of a polyelectrolyte with an 
opposite charge to that of the plant protein, 

coacervation of the polyelectrolytes in the form 
. of a polymeric complex, and optionally hardening 
of the capsules, in the presence of the material 
to be encapsulated. 

3 The method for producing plant protein-based 
microcapsules as claimed in claim 2, characterized in 
that the amount of soluble proteins is increased by: 

e) addition of an amount of plant proteins to the 
supernatant obtained in step b) , 

f) centrifugation of the mixture, and 

g) optionally repetition of steps e) and f) several 
times . 

4. The method for producing plant protein-based 
microcapsules as claimed in any one of claims 1 to 3, 
characterized in that step c) is carried, out at a pH 
below the isoelectric pH of the plant protein, so that 
said protein is used as a cationic polyelectrolyte in 
the complex coacervation step d) . 

5. The method for producing plant protein-based 
microcapsules as claimed in any one of claims 1 to 3, 
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characterized in that step c) is carried out at a pH 
above the isoelectric pH of the plant protein, so that 
said protein is used as an anionic polyelectrolyte in 
the complex coacervation step d) , 

5 

6. The method as claimed in any one of claims 1 to 5 , 
characterized in that the plant proteins are extracted 
from plants chosen from the group comprising: lupin 
{genus Lupinus) , soybean (genus Glycine) , pea (genus 
10 Pisum), chickpea (Cicer) , alfalfa (Medicago) , broad 
bean (Vicia) , lentil (Lens) , bean (Phaseolus) , rapeseed 
(Brassica) , sunflower (Helianthus) and cereals- such as 
wheat, maize, barley, malt or oats. 

15 7. The method as claimed in any one of claims 1 to 4 
^nd 6, characterized in that the ^ anionic 
polyelectrolyte is chosen from the group comprising 
sodium alginate, gum arabic, polyphosphates, sodium 
carboxymethylcellulose, . carrageenan, xanthan gum and 

20 plant proteins with a pH above the pHi . 

8 . The method as claimed in any one of claims 1 to 3 
and 5 to 6, characterized in that the cationic 
polyelectrolyte is chosen from the group comprising 

25 cationic surfactants, latexes having a quaternary 
ammonium, chitosan and plant proteins with a pH below 
the pHi. 

9. The method as claimed in any one of claims 1 to 7, 
30 characterized in that the hardening is carried out by 

crosslinking with a crosslinking agent chosen from the 
group comprising dialdehydes such as glutaraldehyde and 
tannins such as tannic acid.- 

35 10. The methpd as claimed in claim 8, characterized in 
that, when the cationic polyelectrolyte is chitosan, 
the hardening is carried out using acetic anhydride as 
hardening agent . - 

40 11. The method as claimed in any one of claims 1 to 10, 
characterized in that use is made. of a 
polycation/polyanion couple chosen from the group 
comprising the couples: SWPlOO/alginate, SWPlOO/gum 
arabic, chitosan/Supro®, Supro®/alginate or Supro®/gum 

45 arabic. 

12 . The use of the capsules obtained by the method as 
claimed in any one of claims 1 to 10, for producing 
compositions which are useful in the pharmaceutical, 
50 veterinary, cosmetics, agrofoods, chemical and 
biomedical fields. 



-Il- 



ls. A pharmaceutical, veterinary, cosmetic, agrofoods, 
or chemical composition, characterized in that it 
contains microcapsules as claimed in any one of claims 
1 to 11, in combination with any * acceptable excipient . 
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